
NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

Conservation Assessment of Hibbertia puberula subsp. extensa R.T.Mill 
(Dilleniaceae) 

Matt Saunders 12/03/26 
NSW Department of Climate Change, Energy, the Environment and Water 

Hibbertia puberula subsp. extensa R.T.Mill (Dilleniaceae) 

Distribution: Endemic to NSW 
Current EPBC Act Status: Not listed 
Current NSW BC Act Status: Listed at the species level as Endangered 
Proposed listing on NSW BC Act: Critically Endangered 

Reason for change: Hibbertia puberula has been listed as Endangered under the BC 
Act, however the three subspecies that occur within NSW are now being assessed 
separately as each is considered to have a different conservation status. 

Summary of Conservation Assessment 

Hibbertia puberula subsp. extensa R.T.Mill was found to be eligible for listing as 
Critically Endangered under IUCN Criteria B1ab(i,ii,iii,iv,v); C2a(i). 

The reasons for the species being eligible for listing in the Critically Endangered 
category are that: 1) the species has a very highly restricted geographic range with a 
minimum extent of occurrence estimated at 66 km2; 2) it has a low total number of 
mature individuals (estimated at ≤175); 3) the population is considered to be severely 
fragmented; and 4) there is an observed continuing decline in the area, extent and 
quality of habitat and inferred continuing decline in the extent of occurrence, area of 
occupancy, number of subpopulations, and number of mature individuals due the 
clearing, fragmentation, and degradation of habitat, and adverse fire regimes, 
particularly high frequency fire and high severity fire. 

 
Hibbertia puberula subsp. extensa in Dharawal National Park, NSW. Image: Rob Miller. 
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Description and Taxonomy 

Hibbertia puberula subsp. extensa R.T.Mill is a subspecies in the family Dilleniaceae. 
The species Hibbertia puberula is described as a decumbent to suberect shrublet “with 
few wiry branches to 30 cm long, pubescent, often glabrescent, with simple long and 
short hairs (hairs often curved or hooked). Leaves with petiole 0.2–0.5 mm long; 
lamina narrowly ovate to almost linear, (1.2–)3–5.5(-8) mm long, (0.6–) 0.8–1.4(–
1.8) mm wide; base appearing abruptly constricted because margin strongly revolute 
(under surface not visible); apex more or less obtuse. Flowers single or rarely up to 3-
flowered; pedicels short; bracts more or less elliptic, mostly 3–3.5(–4) mm long, leaf-
like. Calyx with outer lobes ovate, more or less beaked with margin recurved distally, 
mostly 6–10 mm long, outer surface hispid, inner surface pubescent to silky hairy; 
inner calyx lobes oblong-elliptic to oblong-ovate, mostly 5–7 mm long, hispid with 
spreading bristles mainly along central ridge. Petals obovate, 6–8 mm long, broadly 
bilobed. Stamens (9–)10–14, inserted on one side of ovary, subequal; filaments fused 
on lower one-third. Carpels 2, slightly hairy, sometimes almost villous. Fruit puberulous 
with simple hairs.” (Toelken and Miller 2012; PlantNet 2023a). 

The subspecies Hibbertia puberula subsp. extensa is further described as “branches 
stiff-woody and lateral ones spreading up to about right angles. Leaf lamina mainly 
lanceolate. Outer calyx lobes ovate, 6.1–7.9 mm long, 3.1–3.8 mm wide, acute to 
beaked with ± strongly recurved margins and distinctly raised ridge towards the apex, 
strigose to hirsute; inner calyx lobes elliptic rarely oblong-ovate, 4–5 mm long, 
2.9–3.4 mm wide, with innermost two abruptly constricted into minute terminal point 
continuous with broad membranous margins, hirsute to strigose with hairs becoming 
smaller towards the margins. Stamens 4–7; anthers 0.8–1.2 mm long.” (Toelken and 
Miller 2012; PlantNet 2023b). 

Hibbertia puberula subsp. extensa is distinguished from H. puberula subsp. puberula 
and H. puberula subsp. glabrescens by having fewer than or equal to seven stamens 
and having lateral branches usually spreading almost at right angles to the main axis 
(cf. stamens 9–18; irregularly and untidily branched in subsp. puberula and subsp. 
glabrescens) (Toelken and Miller 2012). 

Hibbertia puberula can be distinguished from other similar species, such as those in 
the H. sericea complex, by “the combination of its linear-lanceolate leaves with a 
central vein raised up to the leaf apex, only simple hairs, absence of a tuft of hairs 
between the stamens and the petals, puberulous ovary, and obloid seeds” (Toelken 
2000). Hibbertia puberula had previously been included in H. simulans but is 
distinguished from that species by its puberulous ovary, wiry branches, and 
decumbent habit (Toelken 2000). 

Distribution and Abundance 

Hibbertia puberula subsp. extensa is currently known to be endemic to the Sydney 
Basin Bioregion of New South Wales (NSW) (SEWPaC 2012). The subspecies has a 
disjunct distribution comprised of multiple small sites and subpopulations, where it is 
often highly localised. The distribution extends from South Maroota and Bateau Bay 
in the north to Wanganderry Tablelands and Appin in the south. The distribution of H. 
puberula subsp. extensa spans the traditional lands of the Dharug, Tharawal, 
Gundungurra, Eora, and Kuring-gai peoples (AIATIS 1996). 
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Hibbertia puberula subsp. extensa occurs across 8–10 known subpopulations as 
defined by IUCN (2024; Table 1). This range accounts for the taxonomic uncertainty 
of the Bateau Bay subpopulation and the probable loss of the South Maroota 
subpopulation.  A record collected from around Mellong in 2021 was initially identified 
as H. puberula subsp. extensa (RBGDT 2023). However, further surveys at the locality 
undertaken in 2023 found these records to not be H. puberula subsp. extensa, and 
possibly representative of an undescribed taxon (Miller et al. 2024). Consequently, the 
Mellong records have been excluded from this assessment. 

Table 1. Population breakdown of Hibbertia puberula subsp. extensa. All sites and subpopulations 
surveyed in 2023 with the exception of the South Maroota subpopulation. Subpopulations listed north 
to south. 

Subpopulation Tenure Estimated 
number of 
mature 
individuals 

Date of 
last 
fire 

Notes References 

Bateau Bay Crown 
land 

15 1991 Some taxonomic 
uncertainty remains 
around this 
subpopulation. 

A. Orme in litt. 
23 May 2024; 
DCS 2024a, 
2024c; Miller 
et al. 2024; 
NPWS 2024 

South Maroota Crown 
land 

0 ? Not surveyed in 
2023 as the last 
time the site was 
visited it had been 
bulldozed. The 
subspecies had 
only been found at 
this locale and thus 
is inferred to have 
been lost. 

R. Miller in litt. 
June 2024 

Sarahs Knob NPWS ≤29 2002 
(all); 
2016 
(partial 

 DCS 2024a, 
2024b; Miller 
et al. 2024; 
NPWS 2024 

Dharawal NPWS / 
freehold 

46 2002 
(all); 
2017 
(partial 

 DCS 2024a, 
2024b; Miller 
et al. 2024; 
NPWS 2024 

Wedderburn 
North 

Crown 
land or 
LALC 
land 

25 2002  DCS 2024a; 
Miller et al. 
2024; NPWS 
2024; R. Miller 
pers. comm. 
June 2024 

Wedderburn 
South 

Crown 
land or 
LALC 
land 

1 2002  DCS 2024a; 
Miller et al. 
2024; NPWS 
2024; R. Miller 
pers. comm. 
June 2024 

Appin West Council 
or 
freehold 

≤50 2015 The exact number 
of mature 
individuals is 
unknown, but it is 
estimated that the 
total is unlikely to 
exceed 50 based on 
recent survey data. 

Price et al. 
2016; DCS 
2024a, 2024b; 
Miller et al. 
2024 
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Subpopulation Tenure Estimated 
number of 
mature 
individuals 

Date of 
last 
fire 

Notes References 

Appin East Council 
or 
freehold 

2 2015 Comprised of two 
sites. Plants were 
unable to be 
relocated at one 
site. 

DCS 2024a, 
2024b; Miller 
et al. 2024; 
NPWS 2024 

Cataract Dam Council 
or 
freehold 

5 2015  DCS 2024a, 
2024b; Miller 
et al. 2024; 
NPWS 2024 

Wanganderry NPWS ? 2020 Surveys in 2023 
failed to relocate the 
subspecies. It is 
possible the 2019–
2020 fires have led 
to the loss of this 
subpopulation. 

DCS 2024a, 
2024b; Miller 
et al. 2024; 
NPWS 2024 

Population 
total 

 ≤173    

Subpopulations are identified by a distance of ≥1 km between occurrences, as gene 
flow from either pollination or seed dispersal is considered to be very limited beyond 
this distance. Native bees (Tucker and Bernhardt 2000) and pollen-consuming beetles 
(Keighery 1975) are considered the most effective pollinators of zygomorphic Hibbertia 
species, which have stamens inserted on only one side of the carpels. Most solitary 
and stingless bee species which have been studied to date forage less than or up to 
~1 km (Greenleaf et al. 2007; Zurbuchen et al. 2010). As the specific bee and beetle 
pollinators of H. puberula subsp. extensa are unknown, generic native bee pollination 
distances are used to estimate the maximum gene flow distance between 
subpopulations, with a maximum effective pollination distance of 1 km used to 
determine subpopulations. 

Subpopulations 

The Appin West and Appin East subpopulations occur in bushland on Crown land 
south of Appin Road, Appin. The Appin West subpopulation is the largest 
subpopulation of Hibbertia puberula subsp. extensa. It is comprised of four sites in 
upland swamp associated underlying sandstone and sandstone outcrops (Miller et al. 
2024). The Appin East subpopulation is comprised of two sites approximately 1.4 km 
southeast of the Appin West subpopulation. Both sites occur in upland swamp, one of 
which is confined to a narrow band of exposed sandstone outcropping at the 
downslope edge of a swamp (Miller et al. 2024).  All sites within both subpopulations 
occur partially or fully in mapped Coastal Upland Swamp in the Sydney Basin 
Bioregion, a threatened ecological community (TEC) (NSW DCCEEW 2024a). 

The Cataract Dam subpopulation occurs on Crown land to the north of Cataract Dam, 
and approximately 1.3 km south-southwest of the Appin West subpopulation. The 
Cataract Dam subpopulation occurs at the ecotone of upland swamp and eucalypt 
woodland (Miller et al. 2024), in mapped Coastal Upland Swamp in the Sydney Basin 
Bioregion (NSW DCCEEW 2024a). 

The Wedderburn North and Wedderburn South subpopulations both occur in bushland 
to the west of Wedderburn Aerodrome, where they are separated by approximately 
1.1 km. These subpopulations occur on Crown land or Local Aboriginal Land Council 
(LALC) land (R. Miller pers. comm. June 2024). The Wedderburn north subpopulation 
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is comprised of four sites which occur around intermittent seepages in heath and 
woodland with one site occurring along the verges of a track (Miller et al. 2024). The 
Wedderburn South subpopulation occurs as a single site in heathy upland swamp. 

The Dharawal subpopulation is located within and adjacent to Dharawal National Park 
(NP) and is comprised of three sites along the verges of a fire trail and in surrounding 
vegetation (Miller et al. 2024). Two sites occur within the boundaries of the national 
park and one site occurs on private property. Habitat includes slashed vegetation 
along the edge of a fire trail, seepages associated with sandstone outcroppings, and 
exposed sandstone rock plate (Miller et al. 2024). 

The Sarahs Knob subpopulation occurs within Heathcote NP. This subpopulation is 
comprised of a single spread-out site along the edge of a maintenance track with 
plants preferring intermittent seepage zones associated with skeletal soils and 
exposed rock plates (Miller et al. 2024). 

The Wanganderry Tablelands subpopulation is known from one very small area of 
habitat growing within rock plate heath (Miller et al. 2024). Targeted searches in 2023 
failed to relocate this subpopulation and it is unknown whether the subspecies persists 
at this location (Miller et al. 2024). 

The South Maroota subpopulation was known from a small flat area of skeletal soil 
over rockplate in South Maroota (R. Miller in litt. June 2024). The area was not 
resurveyed in 2023 as the last time it was visited it had been bulldozed and was being 
utilised as a turning circle for firefighting vehicles (R. Miller in litt. June 2024). As the 
subspecies was only known from this one small area, it is possible that the 
subpopulation has been lost.  

The Bateau Bay subpopulation occurs on a parcel of Crown land surrounded by 
residential developments, with habitat highly localised along a short section of a water 
infrastructure access track on the ecotone of two woodland communities (Miller et al. 
2024). The taxonomic identity of this subpopulation remains uncertain (A. Orme in litt. 
23 May 2024; Miller et al. 2024) and is provisionally included in this assessment as 
Hibbertia puberula subsp. extensa. 

Extent of occurrence and area of occupancy 

The extent of occurrence (EOO) was calculated at 66–4,391 km2 due to uncertainty of 
outlying records and is based on a minimum convex polygon enclosing all mapped 
occurrences of the species, the method of assessment recommended by IUCN (2024). 
The area of occupancy (AOO) is estimated to be 20–32 km2 and was calculated using 
2 x 2 km grid cells, the scale recommended by IUCN (2024). A plausible range for 
both AOO and EOO is provided due to the taxonomic uncertainty of the Bateau Bay 
records, and uncertainty around whether the subspecies persists in the Wanganderry 
Tablelands and South Maroota. Both EOO and AOO were calculated using ArcGIS 
(Esri 2015), enclosing all known records from recent survey data, reports, and expert 
communications (M. Saunders pers. obs. November 2023; Miller et al. 2024; R. Miller 
in litt. June 2024). 

Population size and trends 

The estimated minimum population size of Hibbertia puberula subsp. extensa is ≤200 
mature individuals, with fewer than 250 individuals across all age classes counted 
during surveys undertaken to inform this assessment (Miller et al. 2024).  
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During targeted surveys undertaken in 2023, most plants at the two largest sites 
(Appin Site 4a and 4b) within the Appin West subpopulation had signs of dieback, with 
woody bare main stems and dead side shoots present (Miller et al. 2024). As Appin 
site 4a was newly discovered, it was not possible to make inferences on the population 
trend at this location; however, Appin site 4b had been surveyed twice previously 
(Miller et al. 2024). Most individuals showed significant signs of dieback and only a 
few had reproductive structures, contrasting with the healthy, large specimens 
observed in 2020 and 2021, which may suggest that these individuals are senescing 
(Miller et al. 2024). 

Flower mites have been documented to be adversely affecting individuals in the Appin 
West and Wedderburn North subpopulations (Miller et al. 2024). Flower mites cause 
deformity to the flower buds and typically result in galls which prevent seed production, 
further reducing the reproductive capacity of affected individuals (Miller et al. 2024). 

Although there are no long monitoring data or information on long-term population 
trends available for this subspecies, the surveys undertaken in 2023 failed to relocate 
numerous previously recorded individuals, suggesting these may have died, with a 
range of plausible threats proposed as causative factors (Miller et al. 2024). 

Ecology 

Habitat 

Hibbertia puberula subsp. extensa typically occurs in heathy upland swamps along 
intermittent seeps associated with underlying sandstone or sandstone rockplate 
(Toelken and Miller 2012; Miller et al. 2024). These upland swamps are frequently 
highly localised, and the species’ very specific habitat preferences result in small and 
discrete areas of occurrence. The subspecies occurs on shallow sandy soils which 
may be humic, loamy, or lateritic (Miller et al. 2024).  Soil landscapes on which H. 
puberula subsp. extensa has been recorded include Hawkesbury and Lucas Heights 
in its distribution south and west of Sydney, and Norah Head at Bateau Bay (SALIS 
2024).  

Hibbertia puberula subsp. extensa occurs at elevations ranging from 30 m above sea 
level (a.s.l.) at Bateau Bay, 200–370 m a.s.l. around Appin and Dharawal NP, and 
730 m a.s.l. on the Wanganderry Tablelands. Across its range, average annual rainfall 
ranges from 786 mm at High Range (the closest weather station to the Wanganderry 
Tablelands subpopulation) (BOM 2024a) to 1,243 mm at Wyong (the closest weather 
station to the Bateau Bay subpopulation) (BOM 2024b), while mean temperatures 
range from 11.4–25.4°C in High Range (BOM 2024c) to 17.8–30.1°C in Campbelltown 
(the closest weather station to the Appin area subpopulations) (BOM 2024d). 

Commonly co-occurring species include Eucalyptus racemosa, E. sieberi, Corymbia 
gummifera, Banksia ericifolia, B. oblongifolia, Leptospermum squarrosum, Melaleuca 
thymifolia, Dillwynia floribunda, Epacris microphylla, Hibbertia ericifolia subsp. 
acutifolia, Xanthorrhoea resinosa, and Drosera spathulata (Miller et al. 2024). Co-
occurring threatened species listed on the Biodiversity Conservation Act 2016 include 
Grevillea raybrownii and Grevillea parviflora (Miller et al. 2024). 

Hibbertia puberula subsp. extensa may occur in the following mapped Plant 
Community Types (PCTs): Woronora Plateau Scribbly Gum Woodland (PCT 3598), 
Sydney Hinterland Enriched Sandstone Bloodwood Forest (PCT 3619), Sydney 
Coastal Upland Swamp Heath (PCT 3924), Sydney Hinterland Apple-Blackbutt Gully 
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Forest (PCT 3615), and Southern Sydney Scribbly Gum Woodland (PCT 3590) (NSW 
DCCEEW 2020). This list is not exhaustive, and it is likely that the subspecies occurs 
in other PCTs in NSW. 

Hibbertia puberula subsp. extensa has been recorded in one TEC in the Sydney Basin 
Bioregion: Coastal Upland Swamp in the Sydney Basin Bioregion (NSW DCCEEW 
2024a).  

Fire and disturbance ecology 

Little is known about the fire and disturbance ecology of Hibbertia puberula subsp. 
extensa. The genus contains both resprouting species and obligate seeding species 
(Ferrer-Paris et al. 2022). Hibbertia puberula subsp. puberula has been documented 
to resprout following fire (G. Phillips pers. comm. December 2023). However, Miller et 
al. (2024) noted that H. puberula subsp. extensa was killed by fire at the type locality 
in Appin and suggested that the subspecies may be an obligate seeder. 

Reproductive and seed ecology 

Hibbertia puberula subsp. extensa generally flowers from October to December and 
March to April (Toelken and Miller 2012). Seed set and release in the sister taxon H. 
puberula subsp. glabrescens has been documented to occur during the summer, 
typically within a month or so of flowering (Cuneo et al. 2018). 

Hibbertia are insect-pollinated (entomophilous), with a range of insects including 
native bees (Apidae, Colletidae, and Halictidae), pollen-eating flies (Syrphidae), 
beetles (Coleoptera), and European Honeybees (Apis mellifera), considered 
pollinators of Hibbertia flowers (Keighery 1975; Armstrong 1979; Tucker and 
Bernhardt 2000). However, there is debate over the primary vectors of Hibbertia 
pollen. Keighery (1975) found beetles to be the primary vectors of pollen of the 
zygomorphic H. hypericoides, while Tucker and Bernhardt (2000) considered native 
bees to be the most effective pollinators of zygomorphic Hibbertia species. As H. 
puberula subsp. extensa is zygomorphic, native bees and/or beetles are likely to be 
the primary pollinators. 

Hibbertia puberula subsp. extensa seeds possess a fleshy aril (Toelken and Miller 
2012), a structure that has been demonstrated to aid dispersal by ants 
(myrmecochory) in other Hibbertia species (Berg 1975). While ants have been 
documented transporting seeds of other species up to 77 m in sclerophyllous 
vegetation in the Southern Hemisphere, dispersal distances are typically <2 m 
(Gómez et al. 1998). As such, it is unlikely that seeds of H. puberula subsp. extensa 
are transported far from parent plants. Hibbertia puberula is known to have a persistent 
seedbank (Cuneo et al. 2018). 

The specific germination cues of Hibbertia puberula subsp. extensa are unknown. 
Hibbertia seeds are known to be dormant at the time of release, although the type of 
dormancy varies from species to species, with both physiological dormancy (PD) and 
morphophysiological dormancy (MPD) recorded (Schatral et al. 1997; Allan et al. 
2004; Hidayati et al. 2012). Seeds with PD are water-permeable but have a 
physiological inhibiting mechanism which prevents radicle emergence (Baskin and 
Baskin 2014) and require specific environmental triggers to promote germination 
(Penfield 2017). Seeds with MPD have a PD coupled with a rudimentary embryo which 
must grow to a critical size within the seed prior to germination (Baskin and Baskin 
2014). Smoke or karrikinolide (KAR1; a compound found in smoke) has been shown 
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to aid germination in several Hibbertia species (Dalziell et al. 2004; Hidayati et al. 
2012; Wulff et al. 2012). In a study of four sympatric Hibbertia species in Western 
Australia, Hidayati et al. (2012) found that seasonal changes in temperature and 
moisture were important factors influencing germination, while photo-regime affected 
one species, and smoke triggered germination in two species. Similarly, warm 
stratified seeds of H. glaberrima experienced higher germination rates than non-
stratified seeds, with germination further increased by exposure to KAR1 (Dalziell et al. 
2004). Based on these studies, the environmental conditions required to enable H. 
puberula subsp. extensa to germinate probably include seasonal changes (e.g., 
changes in temperature and rainfall) and possibly the development of a rudimentary 
embryo. Given that the subspecies occurs in fire-prone environments, smoke may also 
provide a physiological cue for germination. 

Lifespan and generation length 

The primary juvenile period of Hibbertia puberula subsp. extensa is unknown. The 
subspecies appears to be slow growing, with most seedlings at one site recorded eight 
years post-fire inferred to be juveniles (Miller et al. 2024). This is suggestive of a 
primary juvenile period of at least 7–8 years. 

The lifespan of Hibbertia puberula subsp. extensa is not known. However, the closely 
related H. sericea is estimated to have a lifespan of 20–50 years (Falster et al. 2021), 
and this estimate is used for H. puberula subsp. extensa due to it belonging to the H. 
sericea group. 

The generation length of Hibbertia puberula subsp. extensa, which is likely to rely on 
a combination of resprouting and seedling recruitment after disturbance, can be 
estimated using the age of first reproduction + z * length of reproductive period, where 
z is a number between 0 and 1 calculated on the relationship between survivorship 
and the relative fecundity of young versus old individuals in the population (IUCN 
2024). Using a maximum lifespan of 20–50 years, a primary juvenile period of 7–8 
years, and a value for z of 0.21 as calculated for other plant species with similar 
lifespans (Fung and Waples 2017), the generation length of H. puberula subsp. 
extensa is estimated at approximately 10.5–16 years. 

Cultural significance 

It is unknown whether Hibbertia puberula subsp. extensa has cultural significance to 
Aboriginal peoples. There is at least one species in the genus with recorded use. The 
Yaegl Aboriginal community in northern NSW used the leaves of H. scandens 
medicinally to treat sores and rashes (Packer et al. 2012).  

This assessment is not intended to be comprehensive of the traditional ecological 
knowledge that exists for Hibbertia puberula subsp. extensa, or to speak for Aboriginal 
people. Aboriginal people have a long history of biocultural knowledge, which comes 
from observing and being on Country, and evolves as it is tested, validated, and 
passed through generations (Woodward et al. 2020). Aboriginal peoples have cared 
for Country for tens of thousands of years (Bowler et al. 2003; Clarkson et al. 2017). 
There is traditional ecological knowledge for all plants, animals and fungi connected 
within the kinship system (Woodward et al. 2020). Traditional ecological knowledge 
referenced in this assessment belongs to the relevant knowledge custodian and has 
been referenced in line with the principles of the NSW Indigenous Cultural and 
Intellectual Property protocol (ICIP) (Janke and Company 2023).  
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Threats 

Hibbertia puberula subsp. extensa is threatened by the clearing, fragmentation, and 
degradation of habitat, particularly from recreational vehicle use, bike use, and track 
maintenance, and adverse fire regimes, particularly high frequency and high severity 
fire. Weed invasion and coal mining are potential threats at several sites. Flower mites 
are affecting the reproductive capacity of plants in at least two subpopulations and 
may be an emerging threat. 

Clearing, fragmentation, and degradation of habitat 

The clearing, fragmentation, and degradation of habitat is considered a serious threat 
to Hibbertia puberula subsp. extensa (Miller et al. 2024). Except for the Wanganderry 
Tablelands subpopulation, all subpopulations of H. puberula subsp. extensa are 
threatened by some form of habitat clearance or degradation. Eight of the 8–10 
subpopulations are fully or partially on non-reserved lands, defined here as freehold 
land, Crown land, and Council land. Three subpopulations occur fully or partially on 
NPWS estate; however, there is substantial evidence of habitat degradation occurring 
at two of these subpopulations due to track maintenance and widening, track 
establishment, and recreational vehicle use. As the subspecies is frequently found in 
highly localised upland swamps where it occurs in very specific habitat niches, it is 
particularly vulnerable to habitat loss and degradation. 

Habitat clearance due to track maintenance and widening 

Since the first observation of Hibbertia puberula subsp. extensa at site 1 in the Appin 
West subpopulation, the fire trail has been upgraded, resulting in the loss of habitat 
for the subspecies (Miller et al. 2024). In the Wedderburn North subpopulation, 
individuals at three sites (2a–2c) are located so close to the edge of a 4WD track (and 
in some cases directly on the track) that any future track maintenance or upgrades 
have the potential to eliminate these sites entirely (Miller et al. 2024). Similarly, most 
of the Dharawal subpopulation exists within the remaining roadside verge of a fire trail 
in Dharawal NP. Recent upgrade works have removed skeletal soil habitat along the 
trail verge, which has likely resulted in the loss of mature individuals and the seedbank 
from these areas (Miller et al. 2024) and corresponding population decline. 
Furthermore, two of the three sites which comprise this subpopulation are confined to 
the maintenance zone adjacent to the track, which is subject to trittering and grading, 
likely resulting in sustained degradation of habitat and threatening plants with mortality 
from machinery (Miller et al. 2024). The alignment of a maintenance track in Heathcote 
NP is likely to have resulted in the permanent loss of mature individuals in the Sarahs 
Knob subpopulation, as the road passes directly through prime habitat of the 
subspecies and has replaced it with bitumen and gravel (Miller et al. 2024). The known 
extent of the South Maroota subpopulation is thought to have been destroyed due to 
track widening. The last time this subpopulation was visited, the only known locale 
where the subspecies had been documented had been bulldozed and was being 
utilised as a turning circle for firefighting vehicles (R. Miller in litt. June 2024). 

Habitat clearance from powerline maintenance, dumping of spoil from construction, 
and sediment deposition from erosion have been documented in the Sarahs Knob 
subpopulation (Miller et al. 2024). 
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Altered hydrology due to track establishment and erosion 

The excavation or erosion of fire trails to the bedrock is altering the local hydrology of 
the Appin West, Wedderburn, and Dharawal subpopulations, by diverting subsurface 
flows along the trails themselves (Miller et al. 2024). Similarly, the construction of a 
maintenance track in Heathcote NP has affected the Sarahs Knob subpopulation by 
altering local hydrology via the construction of dish drains which redirect subsurface 
flows to a single discharge point (Miller et al. 2024). 

The establishment of informal tracks is similarly altering local hydrology at some sites. 
Deep rutting by 4WDs and trail bikes has resulted in both the fragmentation of habitat 
and altered hydrology of the swamps in the Appin subpopulations, causing habitat to 
dry out by dewatering adjacent habitat (Miller et al. 2024). The single known individual 
comprising the Wedderburn South subpopulation is located between three motorbike 
ruts along a dirt track (Miller et al. 2024). The excavation of this track has altered local 
hydrology and is funnelling water away from the location of the individual (Miller et al. 
2024). 

Altered flows have the potential to cause localised drying of Hibbertia puberula subsp. 
extensa habitat, which may in turn reduce the suitability of habitat or prevent 
successful recruitment. The lowering of the water table may also facilitate the 
encroachment of large, woody shrubs, such as Banksia ericifolia, which have the 
capacity to outcompete H. puberula subsp. extensa (Miller et al. 2024). 

Habitat degradation from recreational vehicle use and the establishment of informal or 
illegal tracks 

Recreational vehicle use and the associated establishment of informal or illegal tracks 
is a serious and growing threat to the Appin West, Appin East, Wedderburn North, 
Wedderburn South, and Cataract Dam subpopulations. Many of the sites in the Appin 
subpopulations are subject to uncontrolled access by 4WDs, trail bikes, and mountain 
bikes which are causing erosion and direct damage to habitat (Miller et al. 2024). The 
threat of inappropriate recreational vehicle use in the Appin area has grown 
significantly over the past several years and is likely to continue due to increased 
development in the surrounding suburbs (Miller et al. 2024). Arson of vehicles and the 
dumping of waste have been documented proximate to sites in the Wedderburn North 
subpopulation (Miller et al. 2024). 

The location of the Bateau Bay subpopulation along and immediately adjacent to a 
water infrastructure access track predisposes it to habitat degradation from frequent 
use, with individuals on the track edge at risk of being trampled (Miller et al. 2024). 

‘Clearing of native vegetation’ is listed as a Key Threatening Process under the 
Biodiversity Conservation Act 2016. ‘Land clearance’ is listed as a Key Threatening 
Process under the Environment Protection and Biodiversity Conservation Act 1999. 

Adverse fire regimes 

Little is known about the fire ecology of Hibbertia puberula subsp. extensa but there is 
evidence that the subspecies is vulnerable to adverse fire regimes, particularly high 
frequency and high severity fire. Fire has been documented to kill H. puberula subsp. 
extensa, with all previously documented individuals at one site in the Appin West 
subpopulation apparently killed by a prescribed burn in 2015 (Miller et al. 2024). In 
contrast, the sister taxon H. puberula subsp. puberula, has been documented to 
resprout following fire (G. Phillips pers. comm. December 2023). While further 
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sampling is needed to understand the range of variation in fire responses within and 
between subspecies, recruitment and seed bank accumulation in both obligate 
seeders and resprouters can be susceptible to high fire frequency, while resprouters 
may experience high rates of mortality when exposed to high severity fire (e.g. 
Nicholson et al. 2017).  

The failure to relocate the Wanganderry Tablelands subpopulation might indicate the 
loss of the subspecies from the locality due to the 2019–2020 wildfire (Miller et al. 
2024). The location of this subpopulation is mapped within an area that experienced 
extreme fire severity, defined as full canopy consumption (NSW DCCEEW 2024b), 
suggesting that any individuals present might have been killed by the fire. When the 
subspecies was first recorded at this locality, it was noted to be near or on exposed 
sandstone outcroppings in skeletal soils (Miller et al. 2024). Post-fire erosion of 
exposed soils is a significant problem, with sediment yields increasing by up to several 
orders of magnitude (Benavides-Solorio and MacDonald 2005; Larsen et al. 2009). 
Given the susceptibility of skeletal soils to post-fire erosion coupled with frequent 
observations of eroded skeletal soils in the area during the 2023 surveys, it is possible 
that any soil seedbank which survived the 2019–2020 fire has been washed into 
unsuitable areas for Hibbertia puberula subsp. extensa (Miller et al. 2024). If this has 
occurred, it is possible this subpopulation has been lost, although further surveys are 
required to confirm this. 

High frequency fire is also likely to a threat to Hibbertia puberula subsp. extensa. As 
the subspecies is thought to have a long primary juvenile period of up to 7–8 years 
(Miller et al. 2024), recurrent fires even within somewhat longer timeframes than this 
have the potential to greatly diminish or rapidly eliminate subpopulations. Repeated 
short interval fires can also lead to depressed or failed resprouting in resprouting 
species (e.g., Enright et al. 2011; Karavani et al. 2018; Fairman et al. 2019). 

Climate change projections indicate a future trend of increased fire weather and more 

frequent fires in southeast Australia (Dowdy et al. 2019; Jones et al. 2022). The 

Sydney and Central Coast regions are projected to become hotter, have fewer cold 

nights under 2°C, have more hot days over 35°C, and have a longer fire season by 

2079 (BOM and CSIRO 2022; AdaptNSW 2024). Regionally, it is projected with high 

confidence that climate change will result in a harsher fire-weather climate in the future 

(CSIRO 2024). It is plausible that these changes will lead to more frequent, intense, 

and severe fires, and changes in fire season, which will in turn adversely affect the 

Hibbertia puberula subsp. extensa population in the future. 

‘High frequency fire resulting in the disruption of life cycle processes in plants and 

animals and loss of vegetation structure and composition’ is listed as a Key 

Threatening Process under the Biodiversity Conservation Act 2016. ‘Fire regimes that 

cause declines in biodiversity’ is listed as a Key Threatening Process under the 

Environment Protection and Biodiversity Conservation Act 1999. 

Reduced habitat suitability via altered hydrology due to climate change 

Altered hydrology due to climate change is likely to result in reduced habitat suitability 

to Hibbertia puberula subsp. extensa. Coastal upland swamps in the Sydney Basin 

Bioregion are projected to undergo declines of at least 30% and up to 97% in both 

area and suitability from 1990–2070 (Keith et al. 2014). Long-term monitoring has 
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found a trend of increasing Banksia thicket at the expense of Restioid heath (Mason 

and Keith 2016). Competition from the expansion of Banksia and other shrubs has 

been identified as a threat to H. puberula subsp. extensa (Miller et al. 2024). 

‘Anthropogenic Climate Change’ is listed as a Key Threatening Process under the 

Biodiversity Conservation Act 2016. ‘Loss of climatic habitat caused by anthropogenic 

emissions of greenhouse gases’ is listed as a Key Threatening Process under the 

Environment Protection and Biodiversity Conservation Act 1999. 

Weed invasion 

Weed invasion is a potential threat at several sites in the Appin West, Dharawal, and 
Sarahs Knob subpopulations. Several invasive grasses have been documented to be 
increasing proximate to confirmed Hibbertia puberula subsp. extensa habitat, 
including Eragrostis curvula (African love grass), Andropogon virginicus (whiskey 
grass), and Axonopus fissifolius (narrow-leaved carpet grass) (Miller et al. 2024). The 
erosion of trails has been shown to lead to sediment deposition after rain, which 
predisposes these areas to weed invasion (Miller et al. 2024). Dumping of spoil from 
track maintenance works also poses a risk of transporting weed seeds around H. 
puberula subsp. extensa habitat (Miller et al. 2024). 

‘Invasion of native plant communities by exotic perennial grasses’ is listed as a Key 
Threatening Processes under the Biodiversity Conservation Act 2016. ‘Loss and 
degradation of native plant and animal habitat by invasion of escaped garden plants, 
including aquatic plants’ is listed as a Key Threatening Process under the Environment 
Protection and Biodiversity Conservation Act 1999. 

Longwall coal mining 

It is possible that longwall coal mining operations near to the Appin West and 
Wedderburn North subpopulations has altered local hydrology (Miller et al. 2024). 
Subsidence and cracking of bedrock have occurred near the Wedderburn North 
subpopulation, and two collieries are located near to the Appin West subpopulation 
(Miller et al. 2024). It is unknown whether the Hibbertia puberula subsp. extensa 
proximate to these operations have suffered any adverse effects as a result of mining 
activities, however there is now strong evidence of impacts on upland swamp habitats 
(Mason et al. 2021; Krogh et al. 2022; Keith et al. 2023). 

‘Alteration of habitat following subsidence due to longwall mining’ is listed as a Key 
Threatening Process under the Biodiversity Conservation Act 2016. 

Reduced reproductive capacity due to flower mite infestations 

Flower mites have been noted to be adversely affecting plants in the Appin West and 
Wedderburn North subpopulations (Miller et al. 2024). The identity of these mites is 
unknown and therefore it is unknown whether the species is native or exotic. It is also 
unknown whether the degree to which the mites are affecting plants is normal or being 
exacerbated by other threats, e.g., altered hydrology reducing the ability of plants to 
produce defensive compounds. Affected plants have reduced reproductive capacity, 
as flowers with mite infestations typically do not set seed (Miller et al. 2024). In some 
cases, affected plants had all buds showing signs of mite infestation (Miller et al. 2024), 
suggesting recruitment failure is likely to occur with these individuals. It is possible 
mites have been a contributing factor to the apparent senescence of plants in the 
Appin West subpopulation, although this would need to be investigated. 
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Severe fragmentation and number of locations 

Hibbertia puberula subsp. extensa is considered to be severely fragmented as >50% 
of its population occurs in habitat patches that are (1) smaller than would be required 
to support a viable population, and (2) separated from other habitat patches by a large 
distance relative to dispersal kernel of the species, as per the IUCN (2024) definition. 

This assessment has defined subpopulations by dispersal distance of pollinators; 
however, severe fragmentation considers the dispersal distance of the diaspore (i.e., 
potential to recolonise), as per the IUCN (2024). Therefore, for the purposes of 
assessing whether Hibbertia puberula subsp. extensa is severely fragmented, habitat 
patches defined by probable seed dispersal distances are used. Seeds of the 
subspecies possess a fleshy aril (Toelken and Miller 2012), a structure that has been 
demonstrated to aid dispersal by ants in other Hibbertia species (Berg 1975), and ants 
typically disperse seeds of other species <2 m to tens of metres in sclerophyllous 
vegetation in the Southern Hemisphere (Gómez et al. 1998. The IUCN (2024) states 
“distances several times greater than the (long-term) average dispersal distance of the 
taxon may be considered isolated”. 

To meet the definition of severely fragmented, the IUCN (2024) states that “more than 
half of the individuals (or, more than half of the occupied habitat area) must be in small 
and isolated patches”, where “small” refers to a number below that required to support 
a viable population. The IUCN (2024) states that the condition of severely fragmented 
can be met by either more than half the individuals or more than half of the occupied 
habitat area being in small and isolated patches. Many habitat patches are small 
(many supporting <10 individuals and as few as one) and isolated (by roads, expanses 
of urban or agricultural lands, fine-scale topographic features, or by distances in the 
order of hundreds of metres to kilometres). Furthermore, many of these habitat 
patches are concentrated along edges of contiguous areas of bushland, which may 
limit their viability as a consequence of higher risk of human disturbance (e.g., 
earthworks, dumping, off-road vehicles, and fires) and restricted options for dispersal 
to/from other suitable habitat. Given the subspecies’ limited dispersal ability, once an 
isolated habitat patch becomes locally extinct, the probability of recolonisation is low. 
Furthermore, subspecies’ highly specific microhabitat requirements reduces the 
likelihood of the availability of suitable habitat between habitat patches and therefore 
limits the potential for recolonisation. Consequently, many of the small and isolated 
habitat patches are unlikely to viable in the long-term. This is evidenced by the 
presumed loss of the South Maroota subpopulation to track widening activities. Track 
widening and inappropriate recreational vehicle use continues to threaten the 
persistence of numerous habitat patches around Wedderburn, Dharawal, and Appin.  

Hibbertia puberula subsp. extensa occurs at 3–4 threat-defined locations, as per the 
IUCN (2024) definition, due to the most serious plausible threat resulting in the lowest 
number of locations for the subspecies being adverse fire regimes, particularly high 
frequency fire and high severity fire. The Wanganderry Tablelands and Bateau Bay 
subpopulation each occur in individual locations. The remaining subpopulations all 
occur in 1–2 threat-defined locations, as it is plausible that a future fire could occur at 
a scale which affects most or all of the individuals present amongst these 
subpopulations. 
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Assessment against IUCN Red List criteria 

For this assessment it is considered that the survey of Hibbertia puberula subsp. 
extensa has been adequate and there is sufficient scientific evidence to support the 
listing outcome.  

Criterion A    Population size reduction 

 

Outcome 

Hibbertia puberula subsp. extensa is Data Deficient under Criterion A. 

Population reductions 

There are insufficient data to estimate, infer or project the magnitude of past or future 
reductions in the population size of Hibbertia puberula subsp. extensa. 

Conclusion 

Hibbertia puberula subsp. extensa is Data Deficient under Criterion A as there are 
insufficient data to estimate, infer or project the magnitude of past or future reductions 
in its population size. 

Criterion B   Geographic range 

 

Outcome 

Hibbertia puberula subsp. extensa is Critically Endangered under B1ab(i,ii,iii,iv,v).  

EOO and AOO 

Hibbertia puberula subsp. extensa has a highly to very highly restricted geographic 
distribution with an extent of occurrence (EOO) calculated at 66–4,391 km2. The lower 
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end of the range is meeting the threshold of <100 km2 for Critically Endangered and 
the upper end of the range is meeting the threshold of <5,000 km2 for Endangered. 
The area of occupancy (AOO) is calculated to be 20–32 km2, meeting the threshold of 
<500 km2 for Endangered. The range of both EOO and AOO considers the inferred 
loss of the South Maroota subpopulation due to habitat clearing, the possible loss of 
the Wanganderry Tablelands subpopulation due to the 2019–2020 wildfire, and the 
taxonomic uncertainty of the Bateau Bay records, with the low end of the range 
excluding all three subpopulations and the high end of the range including all three 
subpopulations. Given the uncertainty around these three subpopulations, and the 
recommendation by the IUCN (2024) that a precautionary approach is to be taken 
when dealing with uncertainty, the low end of the range is considered most appropriate 
for determining extinction risk of the subspecies under this Criterion. Therefore, the 
EOO is considered to be 66 km2, meeting threshold for Critically Endangered. 

Number of threat-defined locations 

Hibbertia puberula subsp. puberula occurs at 3–4 threat-defined locations, as per the 
IUCN definition (IUCN 2024). 

Severely fragmented 

The population of Hibbertia puberula subsp. puberula is inferred to be severely 
fragmented, as it is thought that >50% of its population occurs in habitat patches that 
are (1) smaller than would be required to support a viable population, and (2) 
separated from other habitat patches by a large distance relative to dispersal kernel 
of the species, as per the IUCN (2024) definition. 

Continuing decline 

The combined threats of the clearing, fragmentation, and degradation of habitat, and 
adverse fire regimes, particularly high frequency and high severity fire, are observed 
to be causing continuing decline in the area, extent and quality of habitat and inferred 
to be causing continuing decline in the number of mature individuals. 

Targeted surveys undertaken in 2023 to inform this assessment surveyed all known 
habitat of the subspecies, except for the South Maroota subpopulation, which was 
inferred to have been destroyed from road widening. These surveys revealed an 
observed continuing decline in the area, extent, and quality of habitat due to the 
clearing, fragmentation, and degradation of habitat, caused primarily by track 
maintenance and associated activities, and inappropriate recreational vehicle and bike 
use in habitat areas. The presumed loss of the South Maroota subpopulation to habitat 
clearing is inferred to have resulted in continuing decline in the extent of occurrence, 
area of occurrence, and number of subpopulations of the subspecies. 

Adverse fire regimes are inferred to be contributing to continuing decline in the number 
of mature individuals. It is inferred that the 2019–2020 wildfire killed all individuals in 
the Wanganderry Tablelands subpopulation. It is plausible that the Wanganderry 
subpopulation also lost its soil seedbank due to post-fire erosion of the highly 
susceptible skeletal soils where the subspecies was found (Miller et al. 2024). If this 
has occurred, the subpopulation may now be extinct, which would result in a loss of 
EOO, AOO, number of subpopulations, and number of locations. However, further 
surveys would need to be undertaken to provide conclusive evidence as to whether 
this has occurred. 
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Extreme fluctuations 

There is no evidence to suggest Hibbertia puberula subsp. extensa undergoes 
extreme fluctuations. 

Conclusion 

Hibbertia puberula subsp. puberula is eligible to be listed as Critically Endangered 
under Criterion B as it has a very highly restricted geographic distribution (a minimum 
EOO of 66 km2), is inferred to be severely fragmented, and is undergoing continuing 
decline in the extent of occurrence, area of occupancy, area, extent, and quality of 
habitat, number of subpopulations, and number of mature individuals. 

Criterion C Small population size and decline 

 

Outcome 

Hibbertia puberula subsp. extensa is Data Deficient under Criterion C1 and Critically 
Endangered under Criterion C2a(i). 

Number of mature individuals 

Hibbertia puberula subsp. extensa has an estimated minimum population size of ≤200 
mature individuals, meeting the threshold of <250 for Critically Endangered. 

Continuing decline 

Continuing decline in the number of mature individuals is inferred due to the clearing, 
fragmentation, and degradation of habitat, and adverse fire regimes, particularly high 
frequency fire and high severity fire, but there are insufficient data to quantify the 
magnitude of such declines across the required timescales. 

Mature individuals in each subpopulation 

The number of mature individuals in each subpopulation is estimated to be ≤50, 

meeting the threshold for Critically Endangered. 

% of mature individuals in a single subpopulation 

The largest subpopulation of Hibbertia puberula subsp. extensa is estimated to 

support ~29% of the known population.  
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Extreme fluctuations 

There is no evidence to suggest Hibbertia puberula subsp. extensa undergoes 

extreme fluctuations. 

Conclusion 

Hibbertia puberula subsp. extensa is Data Deficient under Criterion C1 but eligible to 
listed as Critically Endangered under Criterion C2a(i) as it has an estimated population 
size of ≤200 mature individuals, each subpopulation consists of <50 mature 
individuals, and there is an inferred continuing decline in the number of mature 
individuals due to the clearing, fragmentation, and degradation of habitat, and adverse 
fire regimes, particularly high frequency fire and high severity fire. 

Criterion D Very small or restricted population 

 

Outcome 

Hibbertia puberula subsp. extensa is eligible to be listed as Endangered under 
Criterion D and Vulnerable under Criterion D2. 

Number of mature individuals 

Hibbertia puberula subsp. extensa has an estimated minimum population size of ≤200 
mature individuals, below the threshold of <250 for Endangered.  

Risk of future extinction in a very short amount of time (D2) 

Hibbertia puberula subsp. extensa has an area of occupancy of 20–32 km2, occurs in 

four threat-defined locations, and is vulnerable to stochastic events due to being 

severely fragmented, as per the IUCN (2024) definition, which may drive the species 

to extinction in a very short time. 

Criterion E  Quantitative Analysis 

 

Outcome 

Hibbertia puberula subsp. extensa is considered Data Deficient under Criterion E. 

Probability of extinction 

No quantitative analysis has been undertaken to assess the extinction probability of 

this subspecies and there are currently insufficient data to undertake one. 
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Conservation and Management Actions 

Hibbertia puberula is currently listed on the NSW Biodiversity Conservation Act 2016 
and a conservation project has been developed by the NSW Department of Climate 
Change, Energy, the Environment and Water. The conservation project identifies 
priority locations, critical threats and required management actions to ensure the 
species is extant in the wild in 100 years. Hibbertia puberula sits within the Site-
managed species management stream of the SoS program and the conservation 
project can be viewed here: 
https://savingourspecies.environment.nsw.gov.au/project/28. 

References 

AdaptNSW (2024) Interactive climate change projections map [Online]. Available at: 
https://www.climatechange.environment.nsw.gov.au/projections-map (accessed 
on 28 May 2024) 

Allan SM, Adkins SW, Preston CA, Bellairs SM (2004) Improved germination of the 
Australian natives: Hibbertia commutata, Hibbertia amplexicaulis (Dilleniaceae), 
Chameascilla corymbosa (Liliaceae), and Leucopogon nutans (Epacridaceae). 
Australian Journal of Botany 52(3), 345–351.  

Armstrong JA (1979) Biotic pollination mechanisms in the Australian flora—a review. 
New Zealand Journal of Botany 17(4), 467–508. 

Australian Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS) (1996) 
Map of Indigenous Australia [Online]. Available at: 
https://aiatsis.gov.au/explore/map-indigenous-australia (accessed 20 May 2024) 

Baskin CC, Baskin JM (2014) ‘Seeds: ecology, biogeography, and evolution of 
dormancy and germination (2nd edn).’ (Academic Press: New York, NY)  

Benavides-Solorio JD, MacDonald LH (2005) Measurement and prediction of post-fire 
erosion at the hillslope scale, Colorado Front Range. International Journal of 
Wildland Fire 14(4), 457–474. 

Berg RY (1975) Myrmecochorous plants in Australia and their dispersal by ants. 
Australian Journal of Botany 23(3), 475–508. 

Bowler JM, Johnston, H Olley JM, Prescott JR, Roberts RG, Shawcross W and 

Spooner N A (2003) New ages for human occupation and climatic change at Lake 

Mungo, Australia. Nature 421(6925), 837–840. 

Bureau of Meteorology (BOM) (2024d) Monthly mean maximum temperature: 
Campbelltown (Mount Annan) (Online). Available at: 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=36&p_displ
ay_type=dataFile&p_stn_num=068257 (accessed 27 May 2024) 

Bureau of Meteorology (BOM) (2024c) Monthly mean maximum temperature: High 
Range AWS (Wanganderry) (Online). Available at: 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=36&p_displ
ay_type=dataFile&p_stn_num=068262 (accessed 27 May 2024) 

Bureau of Meteorology (BOM) (2024a) Monthly rainfall: High Range AWS 
(Wanganderry) (Online). Available at: 

https://savingourspecies.environment.nsw.gov.au/project/28


NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_dis
play_type=dataFile&p_stn_num=068262 (accessed 27 May 2024) 

Bureau of Meteorology (BOM) (2024b) Monthly rainfall: Wyong (Mount Elliot) (Online). 
Available at: 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_dis
play_type=dataFile&p_startYear=&p_c=&p_stn_num=061381 (accessed 27 May 
2024) 

Bureau of Meteorology and Commonwealth Scientific and Industrial Research 
Organisation (BOM and CSIRO) (2022) State of the Climate 2022. Bureau of 
Meteorology and Commonwealth Scientific and Industrial Research Organisation, 
Commonwealth of Australia (Online). Available at: http://www.bom.gov.au/state-of-
the-climate/2022/documents/2022-state-of-the-climate-web.pdf (accessed 24 May 
2024) 

Clarkson C, Jacobs Z, Marwick B, Fullagar R, Wallis L, Smith M, Roberts RG, Hayes 
E, Lowe K, Carah X and Florin SA (2017) Human occupation of northern Australia 
by 65,000 years ago. Nature 547(7663), 306–310.  

Commonwealth Scientific and Industrial Research Organisation (CSIRO) (2024) 
Climate Change in Australia: East Coast South projection summaries (Online). 
Available at: https://www.climatechangeinaustralia.gov.au/en/projections-
tools/regional-climate-change-explorer/sub-
clusters/?current=ECSC&tooltip=true&popup=true (accessed 24 May 2024) 

Council of Heads of Australian Herbaria (CHAH) (2024) Australian Plant Census 
(APC) (Online). Available at: https://biodiversity.org.au/nsl/services/apc-
format/display/240440 (accessed 29 May 2024) 

Cuneo P, Emery N, Errington G, Sherieff A (2018) Assisted run (a) way: translocation 
planning to secure the Bankstown Hibbertia. Australasian Plant Conservation: 
Journal of the Australian Network for Plant Conservation 27(1), 23–25. 

Dalziell EL, Erickson TE, Hidayati SN, Walck JL, Merritt DJ (2004) Alleviation of 
morphophysiological dormancy in seeds of the Australian arid-zone endemic 
shrub, Hibbertia glaberrima F. Muell.(Dilleniaceae). Seed Science Research 28(4), 
286–293. 

Department of Customer Service - Spatial Services (DCS) (2024b) Digital Cadastral 
Database [spatial dataset]. (accessed using ArcGIS Desktop 10.8.2, Esri Inc. 
1999-2021) 

Department of Customer Service - Spatial Services (DCS) (2024c) Council Managed 
Crown Land Reserve Data [spatial dataset]. (accessed using ArcGIS Desktop 
10.8.2, Esri Inc. 1999-2021) 

Department of Customer Service - Spatial Services (DCS) (2024a) NSW 
Administrative Boundaries Theme - Local Government Area (spatial dataset). 
(accessed using ArcGIS Desktop 10.8.2, Esri Inc. 1999-2021) 

Dowdy AJ, Ye H, Pepler A, Thatcher M, Osbrough SL, Evans JP, Di Virgilio G, 

McCarthy N (2019) Future changes in extreme weather and pyroconvection risk 

factors for Australian wildfires. Scientific Reports 9(1), 10073. 



NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

Enright NJ, Fontaine JB, Westcott VC, Lade JC, Miller BP (2011) Fire interval effects 
on persistence of resprouter species in Mediterranean-type shrublands. Plant 
Ecology 212, 2,071–2,083. 

Fairman TA, Bennett LT, Nitschke CR (2019) Short-interval wildfires increase 
likelihood of resprouting failure in fire-tolerant trees. Journal of Environmental 
Management 231, 59–65.  

Falster D, Gallagher R, Wenk EH, Wright IJ, Indiarto D, Andrew SC, O’Sullivan OS 
(2021) AusTraits, a curated plant trait database for the Australian flora. Scientific 
Data 8, 254. 

Ferrer-Paris JR, Keith DA (2022) Fire Ecology Traits for Plants: A database for fire 

research and management. Version 1.00. Centre for Ecosystem Science, 

University of New South Wales, Sydney, Australia. Fung HC, Waples RS (2017) 

Performance of IUCN proxies for generation length. Conservation Biology 31(4), 

883–893. 

Gómez C, Espadaler X (1998) Myrmecochorous dispersal distances: a world survey. 
Journal of Biogeography 25(3), 573–580. 

Greenleaf SS, Williams NM, Winfree R, Kremen C (2007) Bee foraging ranges and 
their relationship to body size. Oecologia 153, 589–596. 

Hidayati SN, Walck JL, Merritt DJ, Turner SR, Turner DW, Dixon KW (2012) Sympatric 
species of Hibbertia (Dilleniaceae) vary in dormancy break and germination 
requirements: implications for classifying morphophysiological dormancy in 
Mediterranean biomes. Annals of Botany 109(6), 1,111–1,123. 

IUCN Standards and Petitions Subcommittee (2024) Guidelines for Using the IUCN 
Red List Categories and Criteria. Version 16 [Online]. Available at: 
http://www.iucnredlist.org/documents/RedListGuidelines.pdf (accessed on 27 May 
2024) 

Janke, T and Company (2023) ‘Aboriginal Cultural and Intellectual Property protocol’, 

Aboriginal Affairs NSW. 

Jones MW, Abatzoglou JT, Veraverbeke S, Andela N, Lasslop G, Forkel M, Smith AJ, 

Burton C, Betts RA, van der Werf GR, Sitch S (2022) Global and regional trends 

and drivers of fire under climate change. Reviews of Geophysics 60(3), 

e2020RG000726. 

Karavani A, Boer MM, Baudena M, Colinas C, Díaz‐Sierra R, Pemán J, de Luis M, 

Enríquez‐de‐Salamanca Á, Resco de Dios V (2018) Fire‐induced deforestation in 
drought‐prone Mediterranean forests: drivers and unknowns from leaves to 
communities. Ecological Monographs 88(2), 141–169.  

Keighery GJ. Pollination of Hibbertia hypericoides (Dilleniaceae) and its evolutionary 
significance. Journal of Natural History 9(6), 681–684. 

Keith DA, Benson DH, Baird IR, Watts L, Simpson CC, Krogh M, Gorissen S, Ferrer‐
Paris JR, Mason TJ (2023) Effects of interactions between anthropogenic stressors 
and recurring perturbations on ecosystem resilience and collapse. Conservation 
Biology 37(1), e13995. 



NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

Keith DA, Elith J, Simpson CC (2014) Predicting distribution changes of a mire 
ecosystem under future climates. Diversity and Distributions 20(4), 440–454. 

Krogh M, Gorissen S, Baird IR, Keith DA (2022) Impacts of the Gospers Mountain 
Wildfire on the flora and fauna of mining-impacted Newnes Plateau Shrub Swamps 
in Australia’s Eastern Highlands. Australian Zoologist 42(2), 199–216. 

Larsen IJ, MacDonald LH, Brown E, Rough D, Welsh MJ, Pietraszek JH, Libohova Z, 
Benavides-Solorio JD, Schaffrath K (2009) Causes of post‐fire runoff and erosion: 
Water repellency, cover, or soil sealing? Soil Science Society of America Journal 
73(4), 1,393–1,407. 

Mason TJ, Keith DA (2016) Vegetation change and conservation status of Coastal 
Upland Swamps. Ecological Management & Restoration 17(3), 254–246. 

Mason TJ, Krogh M, Popovic GC, Glamore W, Keith DA (2021). Persistent effects of 
underground longwall coal mining on freshwater wetland hydrology. Science of the 
Total Environment 772, 144772. 

Miller R, Miller J, Saunders M (2024) Survey for Hibbertia puberula subsp. extensa in 
areas of known habitat, NSW. Cumberland Flora & Fauna Interpretive Services 
and NSW Department of Climate Change, Energy, the Environment and Water.  

National Parks and Wildlife Service (NPWS) (2024). NSW Fire History [spatial 
dataset]. (accessed using ArcGIS Desktop 10.8.2, Esri Inc. 1999-2021) 

Nicholson Á, Prior LD, Perry GL, Bowman DM (2017) High post-fire mortality of 
resprouting woody plants in Tasmanian Mediterranean-type vegetation. 
International Journal of Wildland Fire 26(6), 532–537. 

NSW Department of Climate Change, Energy, the Environment and Water (NSW 
DCCEEW) (2020) NSW State Vegetation Type Map [spatial dataset]. (accessed 
using ArcGIS Desktop 10.8.2, Esri Inc. 1999-2021) 

NSW Department of Climate Change, Energy, the Environment and Water (NSW 
DCCEEW) (2024b) Fire Extent and Severity Mapping (FESM) 2019/20 (spatial 
dataset). Available at: https://datasets.seed.nsw.gov.au/dataset/fire-extent-and-
severity-mapping-fesm-2019-20 (accessed 28 May 2024) 

NSW Department of Climate Change, Energy, the Environment and Water (NSW 
DCCEEW) (2024c) Saving our Species Hibbertia puberula (Online). Available at: 
https://www.environment.nsw.gov.au/sosapp/#/project/28 (accessed 29 May 
2024)  

NSW Department of Climate Change, Energy, the Environment and Water (NSW 
DCCEEW) (2024a) Threatened Ecological Communities Greater Sydney [spatial 
dataset]. Available at: https://datasets.seed.nsw.gov.au/dataset/threatened-
ecological-communities-greater-sydney/  

Packer J, Brouwer N, Harrington D, Gaikwad J, Heron R, Elders YC, Ranganathan S, 

Vemulpad S, Jamie J (2012) An ethnobotanical study of medicinal plants used by 

the Yaegl Aboriginal community in northern New South Wales, Australia. Journal 

of Ethnopharmacology. 139(1), 244–255.  

https://datasets.seed.nsw.gov.au/dataset/threatened-ecological-communities-greater-sydney/
https://datasets.seed.nsw.gov.au/dataset/threatened-ecological-communities-greater-sydney/


NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

Penfield S (2017) Seed dormancy and germination. Current Biology 27(17), R874–

878. 

PlantNet (The NSW Plant Information Network System) (2023a) Hibbertia puberula 

Toelken (Online). Royal Botanic Gardens and Domain Trust, Sydney. Available at: 

https://plantnet.rbgsyd.nsw.gov.au/cgi-

bin/NSWfl.pl?page=nswfl&lvl=sp&name=Hibbertia~puberula (accessed 11 

December 2023) 

PlantNet (The NSW Plant Information Network System) (2023b) Hibbertia puberula 

Toelken subsp. extensa (Online). Royal Botanic Gardens and Domain Trust, 

Sydney. Available at: https://plantnet.rbgsyd.nsw.gov.au/cgi-

bin/NSWfl.pl?page=nswfl&lvl=in&name=Hibbertia~puberula~subsp.+puberula 

(accessed 11 December 2023) 

Price OF, Horsey BL, Jiang N (2016) Local and regional smoke impacts from 
prescribed fires. Faculty of Science, Medicine and Health - Papers: part A. 
Available at: https://ro.uow.edu.au/smhpapers/4168 (accessed 27 May 2024) 

Royal Botanic Gardens and Domain Trust (RBGDT) (2023) Hibbertia puberula subsp. 
extensa specimen records [dataset]. NSW Herbarium specimen catalogue 
(accessed 06 October 2023) 

SALIS (Soil and Land Information System) (2024) Soil and land information (eSPADE) 
(Online). Available at: https://www.environment.nsw.gov.au/eSpade2Webapp/ 
(accessed 24 May 2024) 

Schatral A, Osborne JM, Fox JE (1997) Dormancy in seeds of Hibbertia cuneiformis 
and H. huegelii (Dilleniaceae). Australian Journal of Botany 45(6), 1,045–1,053.  

SEWPaC (2012) Interim Biogeographic Regionalisation for Australia, Version 7. 
Department of Sustainability, Environment, Water, Population and Communities. 
Available at: http://www.environment.gov.au/parks/nrs/science/bioregion-
framework/ibra/maps.html (accessed 12 December 2023) 

Toelken HR (2000) Notes on Hibbertia (Dilleniaceae) 3. H. sericea and associated 

species. Journal of the Adelaide Botanic Garden 24,1–53. 

Toelken HR, Miller RT (2012) Notes on Hibbertia (Dilleniaceae) 8. Seven new species, 

a new combination and four new subspecies from subgen. Hemistemma, mainly 

from the central coast of New South Wales. Journal of the Adelaide Botanic Garden 

10, 71–96. 

Wulff AS, Turner SR, Fogliani B, L'Huillier L (2012) Smoke stimulates germination in 
two divergent Gondwanan species (Hibbertia pancheri and Scaevola montana) 
endemic to the biodiversity hotspot of New Caledonia. Seed Science Research 
22(4), 311–316.  

Woodward E, Hill R, Harkness P and R Archer (Eds) (2020) ‘Our Knowledge Our Way 
in caring for Country: Indigenous-led approaches to strengthening and sharing our 
knowledge for land and sea management, best practice guidelines from Australian 
experiences’ (NAILSMA and CSIRO: Cairns, QLD) 

https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl&lvl=sp&name=Hibbertia~puberula
https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl&lvl=sp&name=Hibbertia~puberula
https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl&lvl=in&name=Hibbertia~puberula~subsp.+puberula
https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl&lvl=in&name=Hibbertia~puberula~subsp.+puberula
https://ro.uow.edu.au/smhpapers/4168
http://www.environment.gov.au/parks/nrs/science/bioregion-framework/ibra/maps.html
http://www.environment.gov.au/parks/nrs/science/bioregion-framework/ibra/maps.html


NSW Threatened Species Scientific Committee 
 

Established under the Biodiversity Conservation Act 2016 
Locked Bag 5022 Parramatta NSW 2124    (02) 9585 6940  

scientific.committee@environment.nsw.gov.au 

Zurbuchen A, Landert L, Klaiber J, Müller A, Hein S, Dorn S (2010) Maximum foraging 
ranges in solitary bees: only few individuals have the capability to cover long 
foraging distances. Biological Conservation 143(3), 669–676. 

Expert Communications 

Andrew Orme, Identifications Technical Officer, Botanical Identification Service 

National Herbarium of New South Wales  

Gavin Phillips, A/Team Leader – Threatened Species Assessment, Biodiversity and 

Conservation Division, Department of Planning and Environment. 

Robert Miller, Ecologist and Species Expert, Cumberland Flora & Fauna Interpretive 

Services. 

APPENDIX 1 

 
Assessment against Biodiversity Conservation Regulation 2017 criteria 
The Clauses used for assessment are listed below for reference. 
 
Overall Assessment Outcome:  

Hibbertia puberula subsp. extensa was found to be Critically Endangered under 
Clauses 4.3(a)(d)(e i,ii,iii,iv) and 4.4(a)(e i,ii A(I)). 
 

Clause 4.2 – Reduction in population size of species  
(Equivalent to IUCN criterion A) 
Assessment Outcome: Data Deficient. 
 

(1) - The species has undergone or is likely to undergo within a time frame 
appropriate to the life cycle and habitat characteristics of the taxon: 

 (a) for critically endangered 
species 

a very large reduction in population 
size, or 

 (b) for endangered species a large reduction in population size, 
or 

 (c) for vulnerable species a moderate reduction in population 
size. 

(2) - The determination of that criteria is to be based on any of the 
following: 

 (a) direct observation, 

 (b) an index of abundance appropriate to the taxon, 

 (c) a decline in the geographic distribution o r  habitat quality, 

 (d) the actual or potential levels of exploitation of the species, 

 (e) the effects of introduced taxa, hybridisation, pathogens, pollutants, 
competitors or parasites. 

 
Clause 4.3 - Restricted geographic distribution of species and other conditions  
(Equivalent to IUCN criterion B) 
Assessment Outcome: Critically Endangered under Clause 4.3(a)(d)(e i,ii,iii,iv). 
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The geographic distribution of the species is: 

 (a) for critically endangered 
species 

very highly restricted, or 

 (b) for endangered species highly restricted, or 

 (c) for vulnerable species moderately restricted, 

and at least 2 of the following 3 conditions apply: 

 (d) the population or habitat of the species is severely fragmented or 
nearly all the mature individuals of the species occur within a small 
number of locations, 

 (e) there is a projected or continuing decline in any of the following: 

  (i) an index of abundance appropriate to the taxon, 

  (ii) the geographic distribution of the species, 

  (iii) habitat area, extent or quality, 

  (iv) the number of locations in which the species occurs or of 
populations of the species, 

 (f) extreme fluctuations occur in any of the following: 

  (i) an index of abundance appropriate to the taxon, 

  (ii) the geographic distribution of the species, 

  (iii) the number of locations in which the species occur or of 
populations of the species. 

 
Clause 4.4 - Low numbers of mature individuals of species and other 
conditions  
(Equivalent to IUCN criterion C) 
Assessment Outcome: Critically Endangered under Clause 4.4(a)(e i,ii A(I)). 
 

The estimated total number of mature individuals of the species is: 

 (a) for critically endangered 
species 

very low, or 

 (b) for endangered species low, or 

 (c) for vulnerable species moderately low, 

and either of the following 2 conditions apply: 

 (d) a continuing decline in the number of mature individuals that is 
(according to an index of abundance appropriate to the species): 

  (i) for critically endangered species very large, or 

  (ii) for endangered species large, or 

  (iii) for vulnerable species moderate, 

 (e) both of the following apply: 

  (i) a continuing decline in the number of mature individuals 
(according to an index of abundance appropriate to the 
species), and 

  (ii) at least one of the following applies: 

   (A) the number of individuals in each population of the species 
is: 

    (I) for critically endangered 
species 

extremely low, or 

    (II) for endangered species very low, or 

    (III) for vulnerable species low, 
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   (B) all or nearly all mature individuals of the species occur 
within one population, 

   (C) extreme fluctuations occur in an index of abundance 
appropriate to the species. 

 
Clause 4.5 - Low total numbers of mature individuals of species  
(Equivalent to IUCN criterion D) 
Assessment Outcome: Endangered under Clause 4.5(b). 
 

The total number of mature individuals of the species is: 

 (a) for critically endangered 
species 

extremely low, or 

 (b) for endangered species very low, or 

 (c) for vulnerable species low. 

 
Clause 4.6 - Quantitative analysis of extinction probability 
(Equivalent to IUCN criterion E) 
Assessment Outcome: Data deficient. 
 

The probability of extinction of the species is estimated to be: 

 (a) for critically endangered 
species 

extremely high, or 

 (b) for endangered species very high, or 

 (c) for vulnerable species high. 

 
Clause 4.7 - Very highly restricted geographic distribution of species–
vulnerable species  
(Equivalent to IUCN criterion D2) 
Assessment Outcome: Vulnerable under Clause 4.7. 
 

For vulnerable 
species,  

the geographic distribution of the species or the number of 
locations of the species is very highly restricted such that the 
species is prone to the effects of human activities or 
stochastic events within a very short time period. 
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